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PHOSPHORUS STANDARD PREPARATION AND SYNTHESIS
Reference phosphorus (P) materials included monetite (CaHPO 4 were purchased from Sigma-Aldrich (St. Louis, MO), variscite was purchased from Ward's Natural Science (Rochester, NY), and fluorapatite and wavellite were purchased from Excalibur Mineral (Charlottesville, VA). The remaining standards, with the exception of bobierrite, newberyite, and heterosite with Mn, were synthesized in the laboratory as described in Shober et al. (2006) . Spectra for bobierrite, newberyite, and heterosite with Mn were obtained from Ingall et al. (2011) . The spectra for all 22 reference samples is shown in Supplemental Fig. S1 .
QUALITY CONTROL FOR THE DISSOLVED REACTIVE PHOSPHORUS ANALYSIS
Our objective was to load the P on P sorbing materials (PSMs) to at least 30 mmol kg -1 so that the materials had a high enough P concentration to be detected by X-ray absorption nearedge structure spectroscopy. We analyzed the solution for dissolved reactive P following sequential batch reaction with PSMs to confirm that the P loading exceeded 30 mmol kg -1 . For dissolved reactive P analysis, we generated a calibration curve each day that the S3 spectrophotometer was in operation. In addition, we verified the method detection limit of daily by running the lowest P standard (0.1 mg L -1 ) seven times at the end of each run. When analyzing unknown samples, we included a duplicate unknown sample every twenty samples; at least one duplicate unknown sample was included for sets with fewer than 20 samples. We calculated the relative standard deviation for duplicates to determine potential issues with the analysis. We also included a blank sample and a known sample during each run.
CHARACTERIZATION OF ELEMENTAL AND MINERAL COMPOSITION OF LABORATORY REACTED PHOSPHORUS SORBING MATERIALS
The overall composition of Al, Fe, and Ca of the unreacted PSMs was evaluated in previous studies using chemical digestion (Table 1) . As was reported for the unreacted samples,
we found that most of the reacted PSMs contained relatively high Si concentrations (Supplemental Table S1 ). Reacted materials that were rich in Ca (i.e., Ca/Mg silicate soil amendment, fly-ashes, slags, and acid mine drainage residuals (AMDR; specifically AMDR4) also contained relatively high concentrations of Mg (Supplemental Table S1 ). We also identified the presence of trace elements in some of the reacted PSMs using X-ray fluorescence (Supplemental Table S2 ), which provokes contamination concerns if spent PSMs are landapplied to provide P for crops. Although the estimated concentrations of most trace elements were generally low (<10 g kg -1 ) in the evaluated PSMs, additional risk assessments are needed to evaluate the transport potential and bioavailability of the hazardous elements should these PSMs be applied to soils.
The main crystalline minerals identified in our laboratory reacted PSMs (Supplemental Table S1 ) were generally consistent with those detected in unreacted PSMs evaluated in previous S4 studies (Table 1) . However, we did not detect gypsum, tricalcium magnesium orthosilicate, or portlandite in the laboratory-reacted coated slag, Ca/Mg silicate soil amendment, and slag fines, respectively; these crystalline minerals were all identified in fresh materials from the same sources by Stoner et al. (2012) . Our inability to detect these minerals in the laboratory reacted samples may have resulted from their relatively high solubility in water (Anthony, 1990; Stoner et al., 2012; Lebedev and Kosorukov, 2017) , and thus they may have gradually dissolved during the P loading reactions to the point where they were below the detection limit of X-ray diffraction (XRD). Instead, for the laboratory-reacted PSMs, we detected quartz in AMDR3, merwinite in Ca/Mg silicate soil amendment, and calcite and periclase in the slag fines; these minerals were not identified in the fresh material by Stoner et al. (2012) . The calcite in reacted slag fines could be formed from portlandite (Ca(OH) 2 ) being reacted with carbon dioxidebearing solution (Ruiz-Agudo et al., 2013) . However, it is not likely that other minerals (i.e., merwinite and periclase) were formed during the P reaction process since these minerals are formed under relatively high temperature (Anthony, 1990) . As a result, the inconsistency of XRD results may be attributed to the heterogeneity of the evaluated samples. 
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Supplemental Fig. S1 . Phosphorus K-edge X-ray absorption near-edge structure spectra of phosphate standards used in linear combination fitting. Spectra for bobierrite, newberyite, and heterosite with Mn were obtained from Ingall et al. (2011) .
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Supplemental Table S1 . X-ray fluorescence analysis of selected elemental composition and X-ray diffraction analysis of crystalline minerals on laboratory reacted P sorbing materials after reacting with P under batch or flow-through conditions. The elemental concentrations are total estimates and should only be used for qualitative comparisons. Table S2 . X-ray fluorescence analysis of heavy metals and other potential contaminants on laboratory reacted P sorbing materials after reacting with P under batch (not specified) or flow-through condition (specified in parenthesis). 
Material
, acid mine drainage residuals; WTR, drinking water treatment residuals. ‡ Element was not detected by the instrument. § Element was detected by the instrument.
